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KLJKZD\V>@%LWXPHQDQGDJJUHJDWHVDUHFRQVWUXFWLRQPDWHULDOVXVHGLQIOH[LEOHSDYHPHQWV%LWXPHQLVJHQHUDOO\
PRGLILHGZLWKPRGLILHUVWRJDLQVWUHQJWKDJDLQVWWKHQHJDWLYHHIIHFWVRIWUDIILFORDGVDQGZHDWKHUFRQGLWLRQV>@
0RGLILFDWLRQ SURFHVV LPSURYH WKH DVSKDOW SDYHPHQW SHUIRUPDQFH VXFK DV VWDELOLW\ IOH[LELOLW\ HWF >@ 7KH
UHF\FOLQJRIZDVWHVQRWRQO\DOORZVWKHHIIHFWLYHXVHRILQFUHDVLQJO\GLPLQLVKLQJQDWXUDOUHVRXUFHVEXWDOVRUHGXFHV
WKHDPRXQWRIZDVWHVWKDWQHHGWREHEXULHGXQGHUJURXQGWKXVPLQLPL]LQJHQYLURQPHQWDOGDPDJH:DVWHPDWHULDOV
FDQEHXVHGLQDVSKDOWSDYHPHQWLQRUGHUWRLPSURYHWKHLUSHUIRUPDQFH7KHUHDUHQXPHURXVVWXGLHVLQWKHOLWHUDWXUH
UHJDUGLQJWKHLPSURYHVKRWPL[DVSKDOWZLWKZDVWHPDWHULDOVVXFKDVELWXPHQPRGLILHGZLWKZDVWHSODVWLFV>@DQG
XVHRIZDVWHDJJUHJDWHVLQDVSKDOWFRQFUHWH>@&RVWDHWDO>@PRGLILHGELWXPHQZLWKGLIIHUHQWSODVWLFVZDVWHV
QDPHO\SRO\HWK\OHQH7KH\LQYHVWLJDWHGWKHHVSHFLDOO\VWRUDJHVWDELOLW\RIPRGLILHGELWXPHQ7KHH[SHULPHQWDOWHVWV
SHUIRUPHGLQWKHVWXG\ZHUHSHQHWUDWLRQVRIWHQLQJSRLQWG\QDPLFYLVFRVLW\DQGVWRUDJHVWDELOLW\7KH\IRXQGWKDW
6%6(9$RUDOWHUQDWLYHO\+'3(KDYHVKRZHGJRRGSHUIRUPDQFHDFFRUGLQJ WRVWRUDJHVWDELOLW\$PLUHWDO >@
DQDO\]HGWKHHIIHFWRIZDVWHSODVWLFERWWOHVRQWKHVWLIIQHVVDQGIDWLJXHSURSHUWLHVRIPRGLILHGDVSKDOWPL[HV7KH\
IRXQGWKDWELWXPHQPRGLILHGZLWKZDVWH3(7VKRZHGVDPHEHKDYLRUDW&ELWXPHQPRGLILHGZLWK6%6HVSHFLDOO\
LQWHUPVRIIOH[LELOLW\DQGIDWLJXHEHKDYLRU*RPH]0HLMLGHDQG3HUH]>@XVHGWKHFRQVWUXFWLRQDQGGHPROLWLRQZDVWH
DJJUHJDWHVLQWKHLUVWXG\7KH\LQYHVWLJDWHGWKHLQGLUHFWWHQVLOHVWLIIQHVVPRGXOXV,760WKHG\QDPLFPRGXOXVDW
GLIIHUHQWWHPSHUDWXUHVDQGIUHTXHQFLHVDQGWKHFRUUHODWLRQEHWZHHQWKHP7KH\IRXQGWKDWFROGDVSKDOWPL[WXUHVZLWK
UHF\FOHGZDVWHDJJUHJDWHVDFKLHYHGKLJKHUVWLIIQHVVWKDQFRQWUROPL[WXUHVEXWWKDWWKH\UHTXLUHGVLJQLILFDQWO\
KLJKHUELWXPHQ7KHDLPRIWKLVVWXG\LVWRDQDO\]HHIIHFWRIZDVWHPDWHULDOVRQWKHKRWPL[DVSKDOW)RUWKLVSXUSRVH
+'3(ZDVWHVKDYHEHHQXVHGDVPRGLILHUEHFDXVHGLVSRVHG+'3(ZDVWHVGRQRWGHFD\FRUURGHRUGLVVROYHOLNHRWKHU
ZDVWHSODVWLFV7KLVUHVHDUFKLQFOXGHVDQH[SHULPHQWDOVWXG\LQRUGHUWRGHWHUPLQHWKHSHUIRUPDQFHRI+0$FRQWDLQLQJ
GLIIHUHQWUDWLRRIZDVWH+'3(DVPRGLILHU
 0DWHULDOVDQGH[SHULPHQWDOVWXG\
2.1. Materials 
7KHELWXPHQXVHG LQ WKH VWXG\ZLWKDSHQHWUDWLRQJUDGHZDVREWDLQHGIURP%DWPDQ2LO7HUPLQDORI WKH
7XUNLVK3HWUROHXP5HILQHU\&RUSRUDWLRQ7KHWHVWVZHUHFDUULHGRXWDFFRUGLQJWR7XUNLVK6WDQGDUGV&RQYHQWLRQDO
ELWXPHQWHVWVVXFKDVSHQHWUDWLRQVRIWHQLQJSRLQWGXFWLOLW\DQGIODVKSRLQWZHUHSHUIRUPHGLQRUGHUWRGHWHUPLQHEDVLF
SURSHUWLHVRIWKHELWXPHQ6HQVLWLYLW\RIWKHELWXPHQZDVGHILQHGZLWKSHQHWUDWLRQLQGH[3,YDOXH3,YDOXHVZDV
FDOFXODWHGE\XVLQJSHQHWUDWLRQDQGVRIWHQLQJSRLQWYDOXHV7KHIROORZLQJHTXDWLRQ>@ZDVXVHGWRFDOFXODWH3,YDOXHV
633HQORJ[
[633HQORJ[3,



 
7DEOH7KHSURSHUWLHVRIWKHELWXPHQ
 6SHFLILFDWLRQ 5HVXOWV 6SHFLILFDWLRQOLPLWV
3HQHWUDWLRQR&PP 76(1  
6RIWHQLQJSRLQWR& 76(1 & 
3HQHWUDWLRQLQGH[3,   
'XFWLOLW\&FPPLQ 76 ! 
)ODVKSRLQW 76,62 & PLQ
7KLQ)LOP2YHQ7HVW7)27
&K
76(1  
&KDQJHRIPDVV   PD[
&KDQJHRIVRIWHQLQJSRLQW 76(1  PD[
5HWDLQHGSHQHWUDWLRQ 76(1  PLQ
6SHFLILFJUDYLW\ 76  

7KHELWXPHQZDVDJHGLQWKH7)27GHYLFHIRUKRXUVDW&7KLVDJLQJSURFHVVZDVSHUIRUPHGLQRUGHUWRLGHQWLI\
FHUWDLQVKRUWWLPHDJLQJSURSHUWLHVWKDWPLJKWEHREVHUYHGGXULQJVWRUDJHWUDQVIHUWRWKHSODQWPL[LQJLQWKHSODQW
WUDQVSRUWDWLRQ VSUHDGLQJ DQG FRPSUHVVLRQ7DEOH  VKRZV WKH UHVXOWV RI WKH FRQYHQWLRQDO WHVWV SHUIRUPHG RQ WKH
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ELWXPHQ$OOWHVWUHVXOWVVKRZHGWKDWWKHELWXPHQZDVXVHGLQWKHH[SHULPHQWDOVWXG\SURYLGHVWKHVSHFLILFDWLRQOLPLWV
7KHPL[WXUHVZHUHSURGXFHGZLWKOLPHVWRQHDJJUHJDWHVREWDLQHGIURPTXDUULHVDURXQG$QWDO\D7XUNH\,QRUGHUWR
ILQGRXWWKHSURSHUWLHVRIWKHFRDUVHDJJUHJDWHPPXVHGLQWKHVWXG\VSHFLILFJUDYLW\/RV$QJHOHVDEUDVLRQ
WHVWPDJQHVLXPVXOSKDWHVRXQGQHVVWHVWIODNHQHVVWHVWVZHUHFRQGXFWHG
,QRUGHU WRILQGRXW WKHSURSHUWLHVRI WKHILQHDJJUHJDWHPPVSHFLILFJUDYLW\SODVWLFLW\ LQGH[DQG
PHWK\OHQHEOXHWHVWVZHUHFRQGXFWHG)LQDOO\RQO\VSHFLILFJUDYLW\WHVWZDVFRQGXFWHGWRWKHILOOHU7DEOHVKRZVWKH
EDVLFSURSHUWLHVRIOLPHVWRQHDJJUHJDWHV

7DEOH%DVLFSURSHUWLHVRIWKHOLPHVWRQHDJJUHJDWHV
6LHYHGLDPHWHUV 7HVW 5HVXOWV 6SHFLILFDWLRQOLPLWV 6SHFLILFDWLRQ
PP
9ROXPHVSHFLILFJUDYLW\JFP   $670&
$SSDUHQWVSHFLILFJUDYLW\   $670&
:DWHUDEVRUSWLRQ  PD[ 76(1
6RXQGHVVRIDJJUHJDWHE\XVHRI
0DJQHVLXQ6XOSKDWH
 PD[ 76((1
/RV$QJHOHVDEUDVLRQ  PD[ 76(1
)ODNHQHVVLQGH[  PD[ %6
   
9ROXPHVSHFLILFJUDYLW\JFP   $670&
$SSDUHQWVSHFLILFJUDYLW\   $670&
PP :DWHUDEVRUSWLRQ  PD[ 76(1
 3ODVWLFLW\LQGH[ 13  76
 0HWK\OHQHEOXHJNJ  PD[ 76(1
)LOOHU $SSDUHQWVSHFLILFJUDYLW\   %6

,QRUGHUWRFUHDWHDJJUHJDWHGLVWUXELWLRQLQDVSKDOWPL[WXUHVDJJUHJDWHJUDGLQJFXUYHVZHUHSUHSDUHGDFFRUGLQJWR
7XUNLVK+LJKZD\&RQVWUXFWLRQ6SHFLILFDWLRQV>@)LJVKRZVWKHJUDGDWLRQFXUYHVRIOLPHVWRQHDJJUHJDWHV
DQGJUDGDWLRQOLPLWVXVHGLQWKLVVWXG\*UDGDWLRQOLPLWYDOXHVDUHEHORQJLQJWRWKHELQGHUFRXUVHLQWKLVILJXUH


)LJ*UDGLQJFXUYHVRIOLPHVWRQHDJJUHJDWLRQVDQGVSHFLILFDWLRQOLPLWV
2.2. Experimental Study 
2.2.1. Preparation of Samples      
$WWKHEHJLQQLQJRIWKHVWXG\RSWLPXPELWXPHQZHLJKWZDVGHWHUPLQHGIRUWKHDJJUHJDWHVDQGELWXPHQXVHGLQ
WKHVWXG\ZLWKWKH0DUVKDOOWHVW)RUWKLVSXUSRVHPL[WXUHVZLWKOLPHVWRQHDJJUHJDWHVDQGSHQHWUDWLRQELWXPHQ
ZHUHSUHSDUHGIRUVL[GLIIHUHQWELWXPHQFRQWHQWDQG7KHVXPWRWDORIWKH
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VDPSOHVSUHSDUHG IRUGHWHUPLQDWLRQRIRSWLPXPELWXPHQFRQWHQW [ ,Q WKHH[SHULPHQWV DJJUHJDWHVZHUH
KHDWHG DW DERXW  & DQGPL[HG LQ WKH DVSKDOWPL[HUZLWK ELWXPHQ ELQGHUZKLFKZDV KHDWHG DW DERXW  &
6XEVHTXHQWO\WKH\PL[HGLQWRWKHPL[WXUHIRUVHFRQGV3UHSDUHGKRWPL[WXUHVZHUHSODFHGLQWKHVWHHOPRXOGV
PP[PPDQGFRPSDFWHGDWDERXWWKH&WRREWDLQ0DUVKDOOVDPSOHV>@,QWKHQH[WVWHSVDPSOHV
WHVWHGZLWK0DUVKDOO6WDELOLW\7HVWPDFKLQHDQG0DUVKDOO VWDELOLW\0DUVKDOO IORZYDOXHVZHUHREWDLQHGDQGHLJKW
FXUYHVZHUHSORWWHG7KHVHYDOXHVZHUHREWDLQHGIURPWKHFXUYHV%XONVSHFLILFJUDYLW\'SYHUVXVELWXPHQFRQWHQW
0DUVKDOOVWDELOLW\YHUVXVELWXPHQFRQWHQW0DUVKDOOIORZYHUVXVELWXPHQFRQWHQWVSHUFHQWDJHRIDLUYRLG9KYHUVXV
ELWXPHQ FRQWHQW SHUFHQWDJH RI YRLG ILOOHGZLWK ELWXPHQ 9)$ YHUVXV ELWXPHQ FRQWHQW SHUFHQWDJH RI YRLG LQ
PLQHUDODJJUHJDWHVYHUVXVELWXPHQFRQWHQW2SWLPXPELWXPHQUDWHZDVFDOFXODWHGE\XVLQJWKLVFXUYHVDVIROORZV



 

  
$WWKHQH[WVWHSPRGLILHGELWXPHQZDVSUDSHUHG+'3(ZDVWHVXVHGLQWKHVWXG\DVWKHPRGLILHUZHUHREWDLQHG
IURP UHF\FOLQJ IDFLOLW\ LQ$QWDO\D LQ WKH SRZGHU IRUP$IWHU VLHYHG SURFHVVZLWK1R  VLHYH WKHPRGLILHUZDV
REWDLQHGZLWKWKHQHFHVVDU\ILQHQHVVIURPWKH+'3(ZDVWHV7KH+'3(ZDVWHVXVHGLQWKHVWXG\ZHUHSUHSDUHGDW
RIELWXPHQZHLJKW$IWHUELWXPHQZDVKHDWHGXSWR&LQWKHRYHQLWZDVSRXUHGLQWRWKH
FKDPEHURIWKHPL[HU)ROORZLQJWKLVWKHPRGLILHUZDVVORZO\DGGHGWRWKHELWXPHQZKLFKZDVWKHQPL[HGLQWKH
PL[HUDWUSPVSHHGIRUDSSUR[LPDWHO\PLQXWHVXQWLOWKHPL[WXUHWHPSHUDWXUHUHDFKHGR&$IWHUUHDFKLQJ
WKLV WHPSHUDWXUH WKHPL[HU VSHHGZDV UDLVHG WR USP DQG WKHPL[LQJSURFHVVZDV FRQWLQXHG IRU DQRWKHU
PLQXWHV$IWHUWKLVSURFHVVWKHVDPSOHVZHUHSRXUHGLQWRVPDOOFRQWDLQHUVZKLFKZHUHFRYHUHGE\XVLQJDOXPLQXP
IRLODQGWKHQVWRUHGIRUXVHLQWKHVWXG\H[SHULPHQWV
     'LIIHUHQWKRWPL[WXUHVSHFLPHQVREWDLQHGIURPWKHELWXPHQSUHSDUHGZLWKWKHPRGLILHUXVHGGLIIHUHQWUDLWRDQG
OLPHVWRQHDJUJUHJDWHVZHUHFRGHGDVIROORZV
x &RQWUROPL[WXUH³+0$´
x 0L[WXUHZLWKPRGLILHGELWXPHQE\+'3(±³+0$´
x 0L[WXUHZLWKPRGLILHGELWXPHQE\+'3(±³+0$´
x 0L[WXUHZLWKPRGLILHGELWXPHQE\+'3(±³+0$´
x 0L[WXUHZLWKPRGLILHGELWXPHQE\+'3(±³+0$´
2.2.2. Determination performance of modified with HDPA wastes HMA 
3HUIRUPDQFHHYDOXDWLRQRIPRGLILHG+0$ZHUHGHWHUPLQHGZLWK0DUVKDOOVWDELOLW\WHVW$OOVSHFLPHQVZHUHWHVWHG
ZLWK0DUVKDOOVWDELOLW\WHVWPDFKLQHDQGVWDELOLW\DVZHOODVIORZYDOXHVZHUHGHWHUPLQHG6WDELOLW\YDOXHVVKRZHGXV
WKHUHVLVWDQFHSHUIRUPDQFHRIGHVLJQHGVSHFLPHQV)ORZYDOXHVVKRZHGXVWKHIOH[LELOLW\SHUIRUPDQFHRIVSHFLPHQV
7KHRWKHUXVHGSHUIRUPDQFHHYDOXDWLRQPHWKRGZHUHVXVFHSWLELOLW\FKDUDFWHULVWLFVRIWKH+0$WRZDWHUGDPDJH
7KH VSHFLPHQVZHUH FODVVLFDOO\ FRPSDFWHGE\ WKH DXWRPDWLF0DUVKDOO LPSDFW FRPSDFWRU XQWLO WKH DLU YRLG
REWDLQHGIRUHDFKVSHFLPHQ7KLVWHVWZDVFRQGXFWHGLQDFFRUGDQFHZLWKWKHSURFHGXUHVGHVFULEHGLQ$$6+727
2QO\6XSHUSDYHJ\UDWRU\FRPSDFWLRQPDFKLQHZDVQRWXVHG7KHVSHFLPHQVDUHJURXSHGDVFRQWURODQGFRQGLWLRQHG
&RQGLWLRQHGVSHFLPHQVZHUHVDWXUDWHGZLWKZDWHUE\XVHRIYDFXXPGHVLFFDWRUV7KHDLPRIWKLVSURFHVVZDVWRREWDLQ
VDWXUDWHGFRQGLWLRQHGVSHFLPHQV7KHQDOOVDWXUDWHGVSHFLPHQVZHUHZUDSSHGZLWKVWUHWFKILOPDQGWKH\
ZHUHSODFHGLQWKHSODVWLFEDJVZLWKPOZDWHU$IWHUWKHVSHFLPHQVZHUHNHSWDW&IRUKRXUVWKH\ZHUH
WDNHQLQDZDWHUEDWKDW&IRUKRXUV$IWHUDOOWKHVHSURFHVVDOOFRQWURODQGFRQGLWLRQHGVSHFLPHQVZHUHWDNHQ
LQDZDWHUEDWKDW&IRUKRXUV7KHQWKH\ZHUHEURNHQZLWKLQGLUHFWWHQVLOHVSOLWWLQJGHYLFHDVYHUWLFDOO\7KH
LQGLUHFW WHQVLOH VWUHQJWK UDWLR 765RI FRQGLWLRQHG VSHFLPHQVZHUHFRPSDUHG WR WKHFRQWURO VSHFLPHQVE\XVHRI
IROORZLQJHTXDWLRQ>@


6
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
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ZKHUH6LVWKHDYHUDJHLQGLUHFWWHQVLOHVWUHQJWKYDOXHVRIFRQWUROVSHFLPHQVDQG6LVWKHDYHUDJHLQGLUHFWWHQVLOH
VWUHQJWKYDOXHVRIFRQGLWLRQHGVSHFLPHQV7KH765YDOXHVKRXOGEHPLQLPXPDFFRUGLQJWR$$6+727
 5HVXOWVDQG'LVFXVVLRQ
3.1. Marshall Test Results 
)LJXUHDQG)LJXUHVKRZWKHDYHUDJHVWDELOLW\YDOXHVRIWKHVSHFLPHQV$VFDQEHVHHQIURP)LJXUH0DUVKDOO
VWDELOLW\YDOXHVRIDOOVSHFLPHQVZHUHPHDVXUHGKLJKHUWKDQNJZKLFKLVORZHUOLPLWYDOXHDFFRUGLQJWR7XUNLVK
+LJKZD\&RQVWUXFWLRQ6SHFLILFDWLRQV7KHVWDELOLW\YDOXHVRI+0$DQG+0$ZHUHPHDVXUHGYHU\FORVHWR
WKHFRQWUROVSHFLPHQV+0$LWFDQEHVDLGWKDW+'3$PRGLILHUGLGQRWDIIHFWWKHVSHFLPHQDWWKHORZUDWHV$GGLQJ
WKHVHPDWHULDOVHTXDOWRRUPRUHWKDQHIIHFWVEHJDQWREHREVHUYHG+LJKHVWVWDELOLW\ZDVREWDLQHGE\+0$


)LJ$YHUDJHVWDELOLW\YDOXHVRIWKH0DUVKDOOVSHFLPHQVPRGLILHG+'3$
)ORZYDOXHVZHUHPHDVXUHG0DUVKDOOVWDELOLW\PDFKLQHDVZHOODVVWDELOLW\YDOXHV)LJXUHVKRZVWKHDYHUDJHIORZ
YDOXHVRIWKHVSHFLPHQV,WLVIRXQGWKDWIORZYDOXHVRI+0$ZHUHQRWPHDVXUHGEHWZHHQFPZKLFKDUHOLPLW
YDOXHVRIVSHFLILFDWLRQ7KHVOLJKWIORZYDOXHLQFUHDVHZDVREVHUYHGE\+0$DQG+0$FRGHGVSHFLPHQV7KH
KLJKHVWYDOXHZDVREWDLQHGE\+0$7KHIORZYDOXHVKRZVWKHIOH[LELOLW\DQGSODVWLFLW\SHUIRUPDQFHRI WKHKRW
PL[WXUHDVSKDOWVXQGHUUHSHWLWLYHORDGLQJ

)LJ$YHUDJHIORZYDOXHVRIWKH0DUVKDOOVSHFLPHQVPRGLILHG+'3$
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3.2. Determination of Water Susceptibility 
7DEOH  VKRZV WKH 7HQVLOH 6WUHQJWK 765 YDOXHV RI VSHFLPHQV$FFRUGLQJ WR 7XUNLVK+LJKZD\&RQVWUXFWLRQ
6SHFLILFDWLRQV765YDOXHVVKRXOGEHPLQ$VFDQEHHQIURPWKHWDEOH765YDOXHVRIDOOVSHFLPHQVZHUH
FDOFXODWHGKLJKHUWKDQ,WLVIRXQGWKDWRQO\765YDOXHRI+0$ZDVGHWHUPLQHGYHU\FORVHWRORZHUOLPLW7KH
EHVWYDOXHVZHUHREWDLQHGE\+0$DQG+0$7KLVLQGLFDWHVWKDWWKHEHVWUHVLVWDQFHRIKRWPL[WXUHVDVSKDOWVWR
WKHGHWULPHQWDOHIIHFWRIZDWHUZDVREWDLQHGZLWKPRGLILHUUDWHDQG

7DEOH765YDOXHVFRUUHVSRQGLQJWRWKHPRGLILHUUDWH
6SHFLPHQV 765
+0$ 
+0$ 
+0$ 
+0$ 
+0$ 
 &RQFOXVLRQV
,QWKLVVWXG\WKH+'3(EDVHGZDVWHPDWHULDOVZHUHDGGHGWRWKHELWXPHQDVPRGLILHU
7KHIROORZLQJFRQFOXVLRQVFDQEHGUDZQEDVHGRQWKHUHVXOWVREWDLQHGLQWKHVWXG\
x 7KHDGGLWLRQRI+'3$PRGLILHULQFRQWUROVSHFLPHQVGLGQ¶WHIIHFWWRXSWR7KHSRVLWLYHHIIHFWRI
WKH+'3$FDQEHVHHQDQGSHUFHQWHVSHFLDOO\
x )OH[LELOLW\RIPL[WXUHZDVGHFUHDVHGZLWKDGGLWLYH
x 7KHEHVWUHVLVWDQFHRIKRWPL[WXUHVDVSKDOWVWRWKHGHWULPHQWDOHIIHFWRIZDWHUZDVREWDLQHGZLWKPRGLILHU
UDWHDQG
x %DVHGRQWKHUHVXOWVRILQYHVWLJDWLRQRI+'3(PRGLILHGKRWPL[WXUHVLWFDQEHQRWHGWKDWDGGLWLYHE\
LQFUHDVHVWDELOLW\DQGUHVLVWDQFHRIZDWHUGDPDJH$GGLWLRQDOO\IORZYDOXHVZHUHIRXQGDWWKLVUDWH
EHWZHHQVSHFLILFDWLRQOLPLWV6RKRWPL[WXUHVPRGLILHGZLWKZHUHQRWDIIHFWHGDGYHUVHO\LQWHUPVRI
IOH[LELOLW\DQGSODVWLFLW\
:KHQDOOUHVXOWVDUHFRQVLGHUHGWRJHWKHULWFDQEHFRQFOXGLQJWKDWLQWKHPRGLILFDWLRQRIELWXPHQZLWKZDVWH
+'3( PDWHULDOV WKHEHVWUHVXOWVZHUHREWDLQHGZLWKWKHLQWHUPVRIKRWPL[WXUHVSHUIRUPDQFH)XUWKHU
UHVHDUFKLVQHHGHGWRGHWHUPLQHWKHHIIHFWPRUHWKDQPRGLILHURQKRWPL[DVSKDOW
$FNQRZOHGJPHQW
7KLVVWXG\ZDVIXQGHGE\%$36FLHQWLILF5HVHDUFK3URMHFWV&RRUGLQDWLRQ8QLWRI$NGHQ]L8QLYHUVLW\7XUNH\
ZLWKWKHSURMHFWFRGH)%$

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